Abstract---Melanoma incidence rates have been increasing for the past three decades. The most important risk factor for Melanoma skin cancer is unprotected exposure to UV radiation. However, early diagnosis of malignant melanoma increases the chances for cure significantly. Therefore a real time image analysis system to aid in the malignant melanoma prevention and early detection is highly in-demand. In this paper, we propose a real time image analysis system to aid in the malignant melanoma prevention and early detection. We present an image recognition technique, where the user will be able to capture skin images of different mole types. Our system will analyze and process the images and alert the user at real-time to seek medical help urgently. This work introduces convenient steps for automating the process of melanoma prevention and detection. Experimental results on a PH2 dermoscopy research database images confirms the efficiency of our system.
I. INTRODUCTION

A. Background and Motivation
The increasing incidence of malignant melanoma cases over the last three decades has promoted the development of an automated system to aid in the malignant melanoma prevention and early detection. Among skin cancers forms, malignant melanoma is the most deadly form. However, early diagnosis of malignant melanoma increases the chances of cure significantly [1] . Therefore a real time image analysis system to aid in the malignant melanoma early detection is highly in-demand. In this work, we propose a system that captures user environmental data (i.e. UV radiation level) and skin images and plugs it into the risk assessment system to alert the user at real-time to prevent risks associated with developing the skin cancer disease.
It's important to note that one in five Americans will develop skin cancer in their lifetime, and on average, one American dies from skin cancer every hour. Table I shows the estimated new skin cancer cases and deaths in U. S. in 2013 comparing to 2010, 2011 and 2012 [2] . A system to prevent this type of skin cancer is, hence, being awaited.
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The outcome of this platform is intended to help users prevent developing skin cancer by triggering a real-time alert that informs the users to 1) avoid exposure to harmful UV radiation and 2) early detection of malignant melanoma which increases the chances of successful treatment.
C. Paper Organization
The rest of this paper is organized as follows: Section II describes related work on skin cancer image recognition. Section III explains the components of our proposed novel smart-phone based system named SKIN cure to assist in the skin cancer prevention and detection. Section IV describes the technique for melanoma images classification. In Section V we present the results of the classification framework. In Section VI we conclude the paper with future work.
II. RELATED WORK
Skin image recognition on smart phones has become one of the attractive and demanding research areas in the past few years. Karargyris et al. have worked on an advanced image-processing mobile application for monitoring skin cancer [3 ] . The authors presented an application for skin prevention using a mobile device. An inexpensive accessory was used for improving the quality of the images. Additionally, an advanced software framework for image processing backs the system to analyze the input images. Their images database was small, and consisted of only 6 images of normal cases and 6 images of suspicious case.
Wadhawan, et al. proposed a portable library for melanoma detection on handheld devices based on the well known bag-of-features framework [4] . They showed that the most computational intensive and time consuming algorithms of the library, namely image segmentation and image classification, can achieve accuracy and speed of execution comparable to a desktop computer. These findings demonstrate that it is possible to run sophisticated biomedical imaging applications on smart phones and other handheld devices, which have the advantage of portability and low cost, and therefore they can make a significant impact on health care delivery as assistive devices in underserved and remote areas. However, their system didn't allow the user to capture images using the smart phones.
Ramlakhan et al. [5] introduced a mobile automated skin lesion classification system. Their system consisted of three major components: image segmentation, feature calculation, and classification. Experimental result showed that the system was not highly efficient, achieving an average accuracy of 66.7%, with average malignant class recall/sensitivity of 60.7% and specificity of 80.5<%. Barata et al. proposed two systems for the detection of melanoma cases in dermoscopy images using texture and color features [6] . This paper aimed at determining the best system for skin lesion classification. The authors compared the role of color and texture features in lesion classification and determined which set of features were more discriminative. It was concluded that color features outperform texture features when used alone and that both methods achieve very good results, i.e., sensitivity = 96% and Specificity = 80% for global methods (i.e. global features color and texture) against Sensitivity = 100% and Specificity = 75% for local methods (i.e. local features color and texture). However, this system didn't run on a smart phone and didn't allow the users to capture skin images.
III. PROPOSED SYSTEM
In this paper, we propose the components of a novel smart-phone based system named SKINcure to help in the skin cancer prevention and detection. Our proposed system captures data from the environment (e.g. sun-light exposure) 86 and plugs it into the system to alert the user in real-time for preventing the risks associated with developing skin cancer disease. More specifically, we present an image recognition technique in the next Section, where the user will be able to capture skin images of different mole types. Our system will analyze and process the images and classify the images to normal, atypical and melanoma cases based on extracting certain image features. This work introduces convenient steps for automating the process of melanoma prevention and detection and as a result, can alert the user at real-time to seek medical help urgently. This work is a research project in-progress and we expect to complete the whole system implementation and publish our new observations in the near future.
A. Exposure To Light
It is important to note that unprotected exposure to ultraviolet (UV) radiation is the most threatening risk factor for skin cancer [7] . Skin should be protected from intense sun exposure all the time. We detect the sunlight from the user environment using the smart-phone GPS and camera. By knowing the user location and the time, we can get the current location ultraviolet (UV) radiation level. The user's bum frequency level (rarely, sometimes, usually or always) will be requested from the user to be entered as an input to the system once the user registers in this SKINcure application. Fig. 1 shows the time it takes to cause skin damage based on UV index level and user burn frequency [8] . In this figure, the bottom axis shows the UV index, indicating the strength of solar radiation on a scale from 1 (low) to 12 (extremely high). Based on the UV index level and the user burn frequency level, our system will alert the user at real time to avoid the sunlight.
The functional ity of this module of the SKINcure system is based on the skin damage graph as a function of the UV index level and the user bum frequency level, where the system will deliver a real time alert to the user to avoid the sunlight and seek shade to prevent developing skin cancer. 
IV. DERMOSCOPY IMAGES CLASSIFTCA TION
In our proposed system, we used PH2 dermoscopic image database from Pedro Hispano hospital for the development of our system and for testing purposes [9] . The dermoscopic images were obtained under the same conditions using a magnification of 20x. This image database contains a total of 200 dermoscopic images of lesions, including 80 normal moles, 80 atypical and 40 melanomas. They are 8-bit RGB color images with a resolution of 768x560 pixels. Fig. 2 shows an example of normal, atypical and melanoma dermoscopic images from the PH2 database. A framework of the proposed work is illustrated in Fig. 3 . In this framework, we propose two types of classifiers, i.e. one level classifier and two-level classifier. The first stage of this framework is to perform image processing to denoise the image and to segment the Region of Interest (ROI) of the skin. After we segment the ROI, we extract the image features like 2-D Fast Fourier Transform features set (FFT2), 2-D Discrete Cosine Transform features set (DCT2), size and complexity features sets. Next, we feed the extracted features to the classifiers. We compared two types of classifiers: One level classifier and Two-level classifier. In the one level classifier, only one classifier is used to classify the ROI into three categories, normal, atypical or melanoma. However, in the two-level classifier we use two classifiers, i.e. classifier I and classifier II. Classifier I classifies the 
V. RESULTS
The proposed framework compared two types of classifiers. As a result, the two-level classifier outperforms the one level classifier. In the one level classifier we were able to classify the normal, atypical and melanoma images with accuracy of 65%, 55% and 70% respectively. On the other hand, the two-level classifier was able to classify the dermoscopy images with accuracy of 65%, 90% and 70% respectively. Table II shows the confusion matrix results for the one level classifier. Table III shows the confusion matrix results for the two-level classifier (classifier I). Table IV shows the confusion matrix results for the two-level classifier (classifier II). abnormal ROIs into atypical or melanoma. We found that the two-level classifier approach gives better results, as it is explained in the result section. We used k-Nearest Neighbor (kNN) classifier for all classifiers. In the experiments, 75% of the database used for training and 25% is used for testing. 
VI. CONCLUSION AND FUTURE WORK
In this paper we present the components of the SKINcure system to aid in the malignant melanoma prevention and early detection. We proposed a novel framework to classify the dermoscopic images into normal, atypical and melanoma. In particular, the framework compared the performances of two classifier techniques, one level classier and two-level classifier. We concluded that the two-level classifier outperforms the one level classifier. Future work will focus on defining and extracting novel features, for example pigment network and shape geometry feature set, to improve the accuracy of classification, as well as integrating the image classification module with the UV radiation module to complete the skin cancer risk assessment procedure. In addition, more sophisticated pattern recognition methods will be implemented in our work.
